Introduction
The main method for the determination of imidazole and its derivatives is chromatography. They include derivatization with fluorescent reagents, followed by chromatographic separation, 1,2 high-performance capillary electrophoresis with fluorescence detection, 3 gas chromatography, 4 thin-layer chromatography and high-performance liquid chromatography. 5, 6 Other alternatives include, enzyme isotope assay 7 and carbon fiber-base electrochemical techniques. 8 Ion-selective electrodes have found vast applications in diverse fields of analysis, being of low cost, selective, sensitive and applicable over a wide range of experimental conditions. A wide variety of chemically, clinically and environmentally important analytes are now routinely monitored using ionselective electrodes based on impregnated polymeric membranes. In recent decades, many intensive studies on the design and synthesis of highly selective and sensitive ioncarriers as sensory molecules for ion-selective electrodes (ISEs) have been reported. In spite of successful progress in the design of highly selective ionophores for various metal ions, there has not been any report on the development of selective and sensitive imidazole sensors.
We have recently reported a number of sensors for various anions and cations such as Cu 2+ , 9 Ni 2+ , 10 Pb 2+ , 11 Ce 3+ , 12 SO4 2-, 13 SCN -, 14 and I -. 15 In this work we wish to introduce for the first time a novel membrane sensor for selective and sensitive monitoring of imidazole in different samples by using (TTP) as an excellent charged ionophore (Fig. 1) .
Experimental

Reagent
Reagent-grade benzyl acetate (BA), dibutyl phthalate (DBP), acetophenone (AP), oleic acid (OA), sodium tetraphenyl borate (NaTPB), tetrahydrofuran (THF) and highly relative molecularweight PVC were purchased from Merck chemical company and used as received. The nitrate salts of the cations and potassium salts of the anions used (all from Merck) were of the highest purity available, and were used without any further purification, except for vacuum drying over P2O5. Amino acids and imidazole were prepared from Merck. Doubly distilled deionized water was used throughout. The ionophore TTP was synthesized and purified by the usual method, as described elsewhere. 16 
Electrode preparation
The membrane solution was prepared by thoroughly dissolving 7.0 mg ionophore TTP, 55.0 mg DBP, 30.0 mg PVC and 10.0 mg OA in 3 ml of THF. The resulting solution was evaporated slowly until an oily mixture was obtained. A Pyrex tube (5 mm o.d.) was dipped into the mixture for about 10 s so that a nontransparent membrane 0. A novel imidazole membrane sensor based on 2,4,6-triphenyl thiopyrilium perchlorate (TTP) as an excellent charged carrier, poly(vinyl chloride) (PVC), the plasticizer dibutyl phthalate (DBP) and oleic acid as an additive is described. The sensor responds to imidazole over a wide concentration range from 1.0 × 10 -5 to 1.0 × 10 -1 M with a slope of +33.5 ± 0.5 mV per decade. The detection limit of the electrode is 3.0 × 10 -6 M and it can be used for at least four weeks without any measurable change in sensitivity. The sensitivity of the electrode is high enough to permit the detection of as little as 0.2 µg/ml of imidazole without any significant interference from high levels of other components and especially, amino acids. The potentiometric selectivity coefficient data revealed negligible interference from common cations, anions and amino acids. The electrode has a relatively fast response time (<30 s), and good slope stability. The proposed sensor was successfully applied to the determination of imidazole in synthetic serum samples. formed. [9] [10] [11] [12] [13] [14] [15] The tube was then pulled out from the mixture and kept at room temperature for 1 h. The tube was then filled with an internal solution (1.0 × 10 -3 imidazole). The electrode was finally conditioned for about 12 h by soaking in a 1.0 × 10 -2 M of imidazole solution. A silver/silver chloride electrode was used as an internal reference electrode.
Potential measurements
All emf measurements were carried out with the following assembly: Hg-Hg2Cl2, KCl (satd.)//sample solution/membrane/ internal solution 1.0 × 10 -3 M imidazole/Ag-AgClA Corning ion analyzer (250 pH/mV meter) was used for potential measurements at 25.0 ± 0.1˚C. The emf observations were made relative to a double-junction saturated calomel electrode (SCE, Philips) with the outer chamber filled with an ammonium nitrate solution.
Results and Discussion
The membrane with a composition of TTP, DBP, PVC and OA, generated a stable potential response in solutions containing imidazole after conditioning for 24 h in a 10 -2 M imidazole solution. Table 1 Besides the critical role of the nature of the ion carrier in preparing membrane-selective sensors, some other important features of the PVC membrane, such as the amount of ionophore, the nature of solvent mediator, the plasticizer/PVC ratio, and, especially, the nature of the additives used, are known to significantly influence the sensitivity and selectivity of ion-selective electrodes. [9] [10] [11] [12] [13] [14] [15] As is obvious from Table 1 (No. 5,9 -11), among four different plasticizer used, DBP was a more effective solvent mediator in preparing the imidazole sensor. It should be noted that the nature of the plasticizer influences both the dielectric constant of the membrane and the mobility of the ionophore and its complex. The quantity of ion carrier TTP was also found to affect the sensitivity of the membrane electrode (No. 1 -4) .
The sensitivity of the electrode's response increases with increasing ionophore content until a value of 7% is reached. Further addition of ionophore will, however, result in diminished response of the electrode, most probably due to some inhomogenieties and possible saturation of the membrane. 17 The data given in Table 1 reveal that the presence of an additive has a beneficial influence on the performance characteristics of the membrane electrode. The addition of 10% oleic acid as a suitable additive 18 increases the slope of the potential response of the sensor from a poor value of 15.6 mV/decade (No. 3) to a value of 35.1 mV/decade (No. 5). The presence of anionic additives, such as sodium tetraphenyl borate and oleic acid, can reduce the ohmic resistance and improve the response behavior and selectivity of the membrane electrodes. 19, 20 Moreover, the additives may catalyze the exchange kinetics at the sample-membrane interface. 21 As is obvious from Table 1 and Fig. 2 , the best response characteristics are obtained with a membrane composition of 30% PVC, 53% DBP, 5% TTP, and 10% oleic acid (No. 5).
The influence of the concentration of the internal solution on the potential response of the imidazole-selective electrode was studied.
The results showed that a variation of the concentration of the internal solution does not cause any significant difference in the potential response of the electrodes, except for an expected change in the intercept of the resulting plots. A 1.0 × 10 -3 M concentration of internal solution is quite appropriate for smooth functioning of the electrode system.
The optimum equilibration time for the membrane sensor in the presence of 1.0 × 10 -2 M imidazole was 24 h, after which it was found to generate stable potentials, in contact with imidazole solutions. The average time required for the imidazole ion-selective electrode to reach a potential within ±1 mV of the final equilibrium value after successive immersion of a series of imidazole solutions, each having a 10-fold difference in concentrations, was measured. The dynamic thus-obtained response time was <30 s over the entire concentration range (Fig. 3) . The sensing behavior of the membrane sensor remained unchanged when the potentials were recorded either from low to high concentrations, or vice versa. The prepared membrane electrodes could be used for at least 1 month without any measurable divergence. The emf response of the proposed imidazole sensor (prepared under optimal membrane ingredients) indicates a rectilinear range from 1.0 × 10 -1 to 1.0 × 10 -5 M (Fig. 4) . The slope of the calibration curves was 35.1 ± 0.3 mV/decade of the imidazole concentration. The limit of detection, as determined from the intersection of the two extrapolated segments of the calibration graph, was 2.0 × 10 -6 M.
The influence of the pH on the response of the proposed membrane electrode to 1.0 × 10 -3 M imidazole concentration over the pH range 1.8 to 11.7 was studied and the results are given in Fig. 5 . As can be seen, the membrane electrode can be suitably used in the pH range 6.6 -9.0. However, the observed changes below and above this pH range may be due to protonation of the imidazole and decomposition of the ionophore in the membrane, respectively.
The potentiometric selectivity coefficients, which reflected the relative response of the membrane sensor for the primary ion over other ions present in solution, were investigated by the matched potential method (MPM). 22 The experimental conditions employed and the resulting values are given in Table  2 . The selectivity coefficient patterns clearly indicate that the sensor is very selective to imidazole over common anions, and several amino acids.
The typical selectivity pattern diplayed by the electrode (No. 5) towards several amino acids and histidine, common anions and cations, and histamine, are as follows:
Imidazole > histamine > histidine > cysteine∼alanine∼ phenylalanine∼tyrosine∼tryptophan∼methyonine∼aspartic acid∼arginine∼glycine;
The ionophore TTP can react with various amines 23 as follows:
Imidazole as an amino compound exists predominantly as a neutral molecule at neutral and higher pH. On the other hand, the protonated imidazole ring cannot react with the TTP, because no lone pair of electrons is available for the interaction. Since the pKa of imidazole is 6.95, 24 and about 50% of its molecules are unprotonated at neutral pH, it therefore, can react with the TTP. For histidine, the pKa values for the amino, carboxyl, and imidazole groups are 9.2, 1.8 and 6.0, respectively. 25 Therefore, histidine, exists mainly (about 90%) as a zwitterion at neutral pH, and does not contribute to the potential response of the electrode system. The bulky side chain of histidine may also be interfered by the interaction of this compound. Most other amino acids at a pH of 7.0 or lower, exist as the zwitterion form, and can not operate as amine, and therefore do not respond to a membrane containing thiopyrilium compounds. Histamine is in a medium structure between imidazole and histidine (histidine structure without carboxylic group). It exhibits serious interference, and the determination of imidazole in the presence of histamine is very difficult. The potential responses of histamine to a histamine sensor based on TPP were also investigated. The results showed that the sensor exhibits a linear response to the concentration of histamine in the ranges 1.0 × 10 -5 -1.0 × 10 -1 M with a slope of 25.5 mV/decade.
The iodide and thiocyanate ions as soft anions show a weak response to the membrane sensor. This is most probably due to the soft-soft electrostatic interaction of the S + group and anions. This kind of behavior was already observed. 15 It is of particular significance that the sensor displayed high selectivity over common anions and cations and several amino acids, and particularly histidine, making it possible to use the electrodes for the determination of imidazole in biological samples. In this regard, experiments were performed to determine the applicability of using the sensor to measure imidazole in a synthetic serum sample. The composition of the synthetic serum is given in Table 3 . The concentration of each component was chosen to match its normal level in human serum. 26 Recovery studies were conducted with samples containing various amounts of imidazole. The results of recovery studies with the proposed sensor and HPLC are given in Table 4 . As can be seen, there is a relatively good agreement between both methods. Table 4 shows that a good recovery was observed, indicating that the constituents of the synthetic serum sample do not interfere significantly with the detection of imidazole. The proposed sensor seems to provide an alternative device for the direct determination of imidazole in biological samples. Table 3 Composition 
